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The patterns of expression of cytokeratin polypeptides 
which are closely correlated to routes of differentiation 
of epithelial cells were studied in extramammary Pa-
get's disease. Cytokeratins of uninvolved and ipvolved 
epidermis were analyzed by two-dimensional gel elec-
trophoresis of microdissected tissue preparations as well 
as by immunofluorescence microscopy using cytokeratin 
antibodies with different specificities. In uninvolved ep-
idermis, cytokeratins Nos. 1, 5, 6, 10, 11, 14, and 16, 
characteristic of keratinocytes, were found. Epidermis 
infiltrated by Paget's cells contained the same compo-
nents and, in addition, cytokeratins Nos. 7, 8, 18, and 
19, the latter being characteristic of simple and glan-
dular epithelia, including apocrine and eccrine skin 
glands. By immunohistochemistry, broad-spectrum an-
tibodies to cytokeratins decorated both keratinocytes 
and Paget's cells. Antibodies selective for cytokeratins 
Nos. 1, 10, and 11 stained suprabasal keratinocytes but 
not Paget's cells. In contrast, antibodies to cytokeratin 
No. 18 were negative on keratinocytes but the Paget's 
cells were selectively stained, as were the secretory cells 
but not the ductal cells in apocrine and eccrine glands. 
The results show that the cytoskeleton of Paget's cells 
is different from that of keratinocytes and ductal cells 
of skin glands and suggest that these tumor cells express 
the glandular type cytokeratins Nos. 7, 8, 18, and 19. 
This provides cell biologic support for a relationship of 
cells of Paget's disease to secretory cells of apocrine and 
eccrine glands. The histogenesis of extramammary Pa-
get's cells is discussed in relation to these findings. 
Paget's disease is characterized by the presence within the 
epidermis of a population of large round ce lls with ample, pale-
staining cytoplasm. In ext ramammary Paget's disease, an in 
situ carcinoma or invasive adenocarcinoma of apocrine or ec-
crine glands is often found below the infil t rated epidermis, 
suggestive of the derivation of epidermal Paget's cells from 
adnexal carcinomas. 
By electron microscopic and hi stochemical methods, extra-
mammary Paget's cell s display certain features reminiscent of 
ecc rine or apocrine glandu lar differentiation, a lso suggestive of 
a histogenetic correlation to these glands [1- 4]. 
However, in many cases of extramammary Paget's disease, 
adnexal carcinomas are not found [5]. Therefore, some authors 
have postulated that extramammary Paget's disease may arise 
within the epiderm is, either from keratinocytes [6,7], (for Pa-
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get 's disease of the breast see [8]) , from the poral porti on of 
apocrine ducts [9], or from pluripotential germinative cells 
[10]. The origin of the extramammary Paget's cells has there-
fore to be considered as unknown. 
A novel criterion for the differentiation of epithelial ce lls, 
which in principle is independent from morphologic features, 
is the molecular composition of the cytoplasmic tonofilaments. 
These filaments are built up by the group of cytokeratin poly-
peptides which in human t issues comprise at least 19 compo-
nents with molecular weights ranging from 40,000 to 68,000, 
and which are expressed in different epi thelia in different cell 
type-specific patterns (11- 14). The cytokeratin polypeptide 
pattern of human epidermal kerati nocytes is well established 
[11,12,15-17]. A subset of cytokeratin polypeptides diffe rent 
from the epidermal components is expressed in glandular cells, 
including eccrine and apocrine glands of skin [1 2,18,19). 
In this study, we have compared the cytokeratin polypeptide 
expression of epidermal keratinocytes with that of extramam-
mary Paget's cells, usinu two-dimensiona l gel electrophoresis 
of microdissected t issue s~mples as well as immunohistochemis-
try with cytokeratin antibodies of di fferent specificities towa rd 
the individual polypeptides. We show that the tonofilaments 
in epidermal keratinocytes and in extramammary Paget's cells 
are composed of differen t subsets of cytokeratin polypeptides. 
MATERIALS AND METHODS 
Tissues 
Tissue samples of extramammary P aget 's disea~e were obtained from 
a 79-yea r-old ma le pat ient with les ions in the axilla ry regwns of both 
sides a nd in the geni ta l region involving the pubic area, s~rotum , a nd 
both inguinal folds. Histologic examination of biOPSies Iron: several 
sites revealed the typical picture of Paget's d1sease, showm g mldtratwn 
of basal and suprabasal laye rs of t he epidermis by cytoplasm-ncb ce lls 
with la rge nuclei and high mitot ic activity. In the dermis,_ lymphocytiC 
infiltration was seen. There was no evidence for underlying glandula r 
carcinomas. However, only one part of the les ion was removed and 
assessed histologically. . 
For this study, biopsy specimens were taken from the l_atera l part of 
the left inguinal fold, the mons pubi s, and the left s1de of the scrotum , 
and were frozen immediately after removal m '.sopentane prec?oled 111 
liquid ni t rogen and stored at-so· c. S imilarly, t issue samples of norma l 
skin from the axillary region, face, a rm , back, and leg were collected 
from t he edges of surgical specimens removed from other patients for 
other diseases, usually various skin tumors. 
Biochemical Studies 
From several frozen specimens of Paget's disease, 20 ,um-thick sec-
tions were cut on a cryostat, attached to microscope slides a nd dried 
wi th a cold-air jet, using a hair drier. Alternating 5 ,um·thick sections 
were stained with hematoxylin and eosin (H & E). Regions of involved 
and of adjacent uninvolved epidermis which were identified in the 20 
,um-thick sections under a stereobinocular by comparison with t he 
corresponding consecutive H & E-s t.a ined sect ions, were microdissected 
and processed for high salt detergent-resistant. cytoskeletal prepa ra-
t ions as previously described [18,19]. Cytoskeletal res idues of normal 
epidermis from several body locations were prepared in the same way. 
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Microdissected preparations were subjected to two-dimensional gel 
electrophoresis, using nonequilibrium pH gradient electrophoresis in 
first dimension [20] (fo r modifications see [18]). Polypept ides were 
visualized by silver staining [21] and ident ified by t heir coordinates, 
relative to coelectrophoresed marker polypept ides, and by coelectro-
phoresis with samples of known cytokeratin polypeptide composition. 
Immunohistochemical Studies 
Indirect immunofl uo rescence microscopy was performed as previ-
ously described [22] using 4 !Lm-thick acetone- fi xed cryostat sections 
consecuti ve to t he sections used for biochemical analyses. The following 
an tibodies were used: (a) monoclonal murine cytokeratin antibody Kc 
8.13 reacting wi th a broad spectrum of cytokeratin polypeptides [23]; 
(b) a guinea pig ant iserum against bovine muzzle epidermal prekeratins, 
which also displays a broad spectrum of reactivity [22]; (c) gu inea pig 
immunoglobulins against stratum corneum keratins wi th selective spec-
ificity to epidermal cytokeratins; these immunoglobulins have been 
purified by affinity column chromatography on bov ine muzzle epider-
mal prekeratins and react , in immunoblot experiments, only with 
human cytoke ratins Nos. 1, 10, and 11 (not shown) ; (d) monoclonal 
murine ant ibody CK 4 which selectively reacts wi th human cyto keratin 
polypept ide No. 18 [24]; (e) guinea pig antiserum to murine viment in 
[25] which had been preabsorbed on human epidermal keratin [26]. As 
second antibodies, fluorescein isothiocyanate (FITC)-coupled goat an-
t ibodies to guinea pi g lgG (Miles-Yeda, Rehovot, Israel) or tetra-
methylrhodamine isot hiocyanate (TRITC)-coupled goat ant ibodies to 
tota l mouse immunoglobulins (Medac, Hamburg, F.R.G. ) were used. 
Double immunofluorescence stainings were performed by simulta-
neous applications of both primary ant ibodies and both second anti-
bodjes. Slides were viewed under a Zeiss photomicroscope III equipped 
with epifluorescence opt ics and channels selective for FITC and 
TRITC. 
RESULTS 
B iochemical S tudies 
When cytoskeletal prep a rations of n ormal epidermis from 
severa l individua ls were a nalyzed by t wo -dimensio na l gel e lec-
tropho resis , t he typical epiderm al cyt okeratin polypep t ide pat-
te rn was found, i.e., componen ts N os. 1 (M, 68,000), 2 (M, 
65,500) , 5 (M, 58,000) , 10 (M , 56,500) , 11 (M , 56,000) , 14 (M, 
50,000), a nd 15 (M, 50,000) (for des ignations of cyt okeratin 
polypeptides see (1 2]) . This is in agree men t with previous 
studies [11 ,15- 18]. U ninvolved epide rmis from t he edge of 
Paget's lesion s, directly adj acen t to epidermis infil t rated by 
Paget's cell s, appeared histologically s lightly acan t hot ic but 
otherwi se regu la rly stratified. The ge l electrophoretic pattern 
(Fig 1a) was s im ila r to, but n ot identical with, t he normal 
epidermal pattern , a nd revealed cytokera t in polypept ides Nos. 
1, 5, 6 (M, 56,000) , 10, 11 , 14, and 16 (M, 48,000). 
When epidermis infi lt rated by Paget's cells was micro-
di ssected a nd a na lyzed (Fig 1b), the sam e compone nts as in 
uninvolved epidermis were det ected , i.e., N os. 1, 5, 6, 10, 11, 14, 
a nd 16. In a ddi t ion , lesse r a m ounts o f 4 ot her cytokeratins were 
resolved , i.e ., polyp ept ides N os. 7 (M, 54,000) , 8 (M, 52,500), 
18 (M, 45,000) , a nd 19 (M, 40,000). Cytokerat in N o. 18 ap -
pea red in lower quan t ity when compa red to Nos. 7, 8 , a nd 19. 
The sam e results were obtained when lesion s from different 
body regions were a nalyzed . The 4 cytokera t in polypeptides 
found only in epide rmis co ntaining P aget's cells but not in 
adjacen t uninvolved epidermis are designated b y filled circles 
in the sc hematic diagra m o f Fig 1c. 
Immunohistochemical S tudies 
The gel electrophoretic study a llowed t he cytokeratin poly-
peptide a na lysis only of t he tota l t hickn ess of the epidermis 
but not t hat of individual cell s. In order to obtain information 
a t t he cellular level, we also performed immunohistochemical 
experime nts us ing cyto keratin an t ibodies wit h differe nt speci -
fic ities. 
On sections t hrough uninvolved skin adjacent to Paget's 
lesions , t he broad-spectrum monoclon a l a n t ibody Kc 8.13 (not 
s hown) a nd the broad -spectrum guinea pig a ntiserum to bovine 
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FIG 1. Cytokeratin polypeptide patterns in extramammary Paget's 
disease. a and b, uninvolved epidermis (a) and epidermis infil t rated by 
Paget's cells (b). NEPHG, direction of first dimension using nonequi -
librium pH gradient electrophoresis (basic polypeptides are to t he left); 
SDS, direction of second dimension in presence of SDS. Cytokeratin 
polypept ides are designated by arabic numerals [12]. Brachets enclose 
isoelectri c vari ants of the same polypeptide. Coelectrophoresed marker 
polypeptides are: P, 3-phosphoglycerokinase (M, 43,000; isoelectric at 
pH 7.4); B, bovine serum albumin (M, 68,000; major variant isoelectric 
at pH 6.35). Arrowheads denote minor proport ions of cytokeratins Nos. 
5, 6, and 14 which have migrated as complexes during first dimension 
electrophoresis [ 27] . c, Schematic diagram showing cytokeratins spe-
cifically de tected in involved epidermis (filled circles) , in contrast to 
cytokeratins found in both uninvolved and involved epidermis (open 
circles ). A , actin . 
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epide rma l prekera tins (Fig 2o) showed, in immunof1uorescence 
microscopy, bright: cytoplasmic stainin g of kerat.inocytes in a ll 
laye rs of epidermis (Fig 2a ) . The broad-spectrum guinea pig 
a nt ibodies a lso sta ined t he d ucta l, secretory, and myoepit helia l 
ce ll s of the apoc rine a nd ecc rine gla nds (not shown ). In con -
t ras t , a nt ibodi es se lective for epiderma l cytokeratins Nos. 1, 
10, and 11 sta ined , on the uninvo lved skin , only cells of supra-
basa l layers of epide rmis (Fig 2b ), whereas t he basal cell laye r 
(Fig 2b) as well as . ec ret.ory and myoepi t helia l cell s of glands 
(not shown ) were negative. In cont rast, t he monoclonal cyto-
keratin ant ibody CK 4, which, in immunoblot experiments, 
reacts only wi th cytokeratin No. 18 (24], did not sta in a ny 
epiderma l cell s in t he unin volved skin (Fig 2c ). H owever, t hi s 
a nt ibody sta ined strongly t he lumina l secretory cells of t he 
ac ini of apocrine a nd ecc rine swea t gla nds (Fig 2d ). The myo-
epi t helial a nd ducta l cell s including t he pora l port ions of apo-
crine a nd ecc rine ducts were negative. 
When epidermis co nta ining P aget 's cell s was reacted with 
broad-spectrum monoc lona l a nt ibody K" 8. 13 (not shown) and 
t he broad -spec trum guinea pig cytokeratin an t ibodi es (Fig 3a), 
a ll epiderma l kerat inc c.vtes were sta ined. In addi t ion, posit ive 
s t a ining of fibrill a r cytoplasmic a rrays was seen on P aget's 
ce ll s . The a ntibodi es wit h se lectivi ty for the epidermal compo-
nents Nos. 1, 10 , a nd 11 (Fig :1c) aga in stained t he suprabasal 
layer of the kera Lin ocytes oft he in vo lved epidermis. The basa l 
ce ll s which, in some areas of the les ion, compri sed 2- 3 cell 
layers, were negative. S imila rly a ll Paget's ce lls, as ident ified 
wit h phase cont rast opt ics by their di stinct morphology and 
t he la rge nucleus, we re negative wit h t hese a nt ibodies (Fig 3c). 
In cont rast, a nt ibody CK 4 which specifically reacts with 
cytokeratin No. 18 did not. reac t with the keratinocytes of t he 
invo lved epidermis (Fig 3b,d,() but spec ifi ca lly sta ined t he 
cytopl asm of all P aget's cells. In many of t hese cell s, the 
staining was resolved into a meshwork of fibrillar arrays (Fig 
3d ). 
In t he dermis, t he mesenchymal cell s, including fibroblasts, 
blood vesse l ce ll s, as well as the lymphocy ti c infil t rates, present. 
under the invo lved epidermis, were negative wit h a ll cytokera-
t in a n tibodies used (Figs 2, 3) bu t were strongly stained by 
a nt ibodi es to vimentin (Fig 3e) . The epidermal keratinocytes 
were negative with vime nti ~1 a nt ibodies. The Paget's cell s were 
negative fo r viment in (Fig :k ) but aga in positi ve wi t h CJ< 4 
(Fi g 3() . 
FIG 2. Cytokeratin staining of unin -
volved skin adjacent to a lesion using 
immunoOuorescence mi croscopy with 
different cytokerati n antibod ies. a, 
Broad -spectrum antibodies to bovine ep-
idermal prekeratins decorate all kerati· 
nocytes of epidermis. b, An tibodies re-
acting wi th cyt.okeratins Nos. l, 10, and 
11 stain only the suprabasal epidermal 
layers, whereas the basal layer (b rackets) 
is negative, with the exception of scat-
tered positive basal cells. c, Antibody CK 
4 reacting wi th cytokeratin No. 18 is 
negative on epidermis (E). D, dermis. d, 
Antibody CK 4 sta ins on apocrine glands 
the secretory cells of the acini (L, lu -
men). Myoepi theli al cells (a rrowheads) 
are negative. a and c represent the same 
region in double staining. Bars = 50 J.Hn. 
DI SCUSSION 
Our results provide biochemical evidence for t he epi t helia l 
cha racter of extra mamma ry P aget's cells. T heir in termediate-
sized fil aments can be deco rated by certain a ntibodi es specific 
to cytokeratins, including monoclonal an tibody Kc: 8.13, and 
are t hus of t he cytokeratin type specifi c for epi t helial ce lls 
[ 17,28- 31). Correspondingly, Paget's cells are negative wi t h 
vimentin antibodies which react wit h intermediate fil aments of 
mesenchyma l ce lls . Therefore, a relationship of P aget's cell s to 
mela nocytes which has been suggested by some aut hors [32) 
seems to be excluded as melanocytes have been shown to 
exclus ively conta in vimentin -type fi laments [28,33). Most ul -
t rast ructural observations reported in the li te ra ture also suggest 
t hat extrama mmary Paget's ce lls are epit heli al: they contain 
to nofil aments [1 ,6 ) a nd desmosomes (1 ,2,4,6,7), a lt hough both 
structures are usua lly less frequent and less well developed t han 
in kerat.inocytes . The presence of true desmosomes in extra-
mammary P aget's cells is a lso supported by their reac ti on with 
antibodies to desmopla kins (unpublished resul ts) , the maJOr 
consti tuents of t he desmosomal plaque [34- 37). 
Our resul ts fur ther show t hat t he cytokeratin fila ments of 
ext ramammary Paget's cells grossly differ from those of kerat-
inocytes, as demonstrable by immunof1uo resc~nce mic ros~opy 
using cytokeratin a ntibodies specific for certa l!l polypep tides. 
We propose t hat t hese differences of a ntibody reactiOn are 
related to the expression of different sets of cytokeratin poly-
peptides in these cell s. Direct biochemical analys is of t he cy-
tokeratin polypeptides of the Paget's cell s is not possible as 
Jon" as methods for t he isolation and purification of these cell s 
are "'lackin g. However, we can present indirect evidence: gel 
electrophoretic a nalys is of prote ins of microdi ssected regions 
of involved epidermis containing keratinocytes as well as Pa-
get's cells have revealed, besides the typi ca l cytokeratin poly-
pept ides of keratinocytes of uninvo lved epidermis, t he presence 
of cytokeratins Nos . 7, 8, 18, and 19. We conclude t hat the 
presence of these nonkeratinocyte polypeptides is due to t he 
presence of Paget's cells in t hese epidermal regions. This notion 
is supported by our immunohistochemica l findin gs showi ng 
that Paget 's cell s are specifi ca lly stained by a nt ibodies to cy-
to keratin No. 18 bu t not by a ntibodies to cytokeratins Nos. 1, 
10, a nd 11 . Therefo re, we suggest t hat t he ce ll s of extra mam-
mary Paget's disease express cytokeratin polypept ides Nos. 7, 
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8, 18, and l9 but not Nos. 1, 10, and 11. We cannot decide 
whether cytokeratins Nos. 5, 6, 14, a nd 16 are a lso expressed 
in P aget 's ce ll s s ince t hey a re a lso found in t he biochemical 
ana lyses of involved epidermis, but we consider t hi s as rather 
unlikely. 
Cytokeratin polypeptides are expressed in close relationship 
to t he state of d ifferent iation of t he specific epithelia l cell [ll-
14]. Norma l epidermis con tains a specific subset of cytokeratins 
[11, 1.5,16,18,38]. The mino r dev iations from t he t ypical epider-
mal pattern of cytokeratins observed in uninvolved epidermis 
borde ring on Paget's lesions may be due to t he reactive acan-
t hosis. S imila r cha nges have recent ly been described for hyper-
proliferative sk in di seases [39]. ln cont rast, t he pattern of 
cytoke ratins Nos. 7, 8, 18, and J 9 which we have found in 
extra mamma ry Paget's cell s are characteri stic for s imple a nd 
gla ndular epi theli a [12- 14 ,18) as well as for tumors derived 
there from 11 2,19]. T n the skin , they exclusively occur in apo-
crine and ecc rine sweat gla nds [1. 2,18 ]. Immunohistochemical 
experiments wi t h selective a ntibodies have shown t hat cyto-
keratin No. 18 is exp ressed only in the secretory cells of t hese 
gla nds whereas myoepi t helial and ductal ce lls have been re-
po rted to be negative [24]. These resul ts suggest a close rela-
t ionshi p of t he state of diffe rentiation between ext ramammary 
Paget's ce ll s and t he secreto ry ce lls of apocrine a nd eccrine 
gla nds. S imila rly, extramammary P aget's cell s have been shown 
to di splay ul t rast ructural a nd histochemica l features remini s-
cent of apoc rine and eccrine ce lls [1 ,2,4] . In addit ion, carci-
noembryonic a nt ige n has been detected in ext ramammary P a -
get's cells as well as in secretory and ductal cell s of apocrine 
and eccrine glands [ 40). As far as t he cytokeratin pattern is 
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FIG 3. Immunoflu orescence micros-
copy of a lesion of extrama mmary Pa -
get's disease us ing different cytokeratin 
ant ibodies and vimentin antibodies. Q 
and b, In double sta ining, antibodies to 
bovine epidermal prekeratins (a) dec0 _ 
rate both keratinocytes and Paget's cell s 
whereas antibody CK 4 (b) exclusive ly 
stains the Paget's cells. c and d, Antibod-
ies to cytokeratins Nos. 1, 10, and II (c) 
stain suprabasal keratinocytes but not 
Paget's cells; the latte r, in double sta in -
ing, again are decorated by antibody Cl{ 
4 (d ). e and (, Antibodies to vimentin (e ) 
stain neither keratinocytes nor Paget' s 
cells, but decorate, in the dermis, libr0 _ 
blasts and blood vessel (8 V) cells. In 
double sta ining, the h1get's cells are Ia. 
beled by antibody CK 4 (f). D, dermis 
Bars = .50 !Lm . · 
concerned, we have found a relationship of the P aget's ce lls 
only to sec retory bu t not to ductal cells of skin gla nds. In 
cont rast to Paget's ce lls, ce lls of apoc rine a nd eccrine sweat 
gland duct s including t be in traepidermal portions are not 
sta ined by a ntibody CK 4, a nd eccrine ducts do not express 
cytokeratins 7, 8, 18, and 19 as a na lyzed by t he microdi ssection 
technique [181. 
Our data show that Paget 's cells are clearly dis tingui shed 
from keratinocytes , without any evidence for the existence of 
"tra nsit iona l" cell types between keratinocytes and Paget's cells 
as t hey have been proposed by several aut hors (6- 8]. 
Since biochemical studies as described here require unfi xed 
frozen t issue and ext ramammary P aget's disease is rare, our 
presen t information is limi ted to several lesions of one case 
On the other ha nd, we have support ing evidence from materia i 
processed differently. When sections of forma lin -fixed, paraf-
fin -embedded skin of 4 cases of mamma ry P aget's di sease and 
1 case of vulva r P aget's disease were first treated wit h pepsin 
and t hen reacted with antibodies to epidermal or glandular type 
cytokera tins, mutually exclusive staining of keratinocytes and 
Paget 's cell s was obta ined, in a nalogy to t he present resul ts (R. 
Moll and G. Schweikhart, unpublished results) . This suggests 
that our observations on t he cytokeratin expression of Paget's 
cells may be valid for Paget's disease in ge neral. 
Paget's disease of t he breast is pathogenically closely corre-
lated to breast carcinoma (9]. Most breast carcinomas express, 
like t he ext ramammary Paget's cells in thi s study, t he glandula r 
type cytokeratins N os. 7, 8, 18, and 19 [1 2,19], and t hus one 
would expect the same cytokerat in pattern in mammary Paget's 
cells. In cont rast to P aget's disease of t he breast , the histo-
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genesis of ex tramammary Paget's disease is not yet clear. In 
cases in which underlying carcinomas of apocrine or eccrine 
glands or other adenocarcinomas are present, it is commonly 
thought that the intraepidermal Paget's cell s are derived from 
these carcinomas [1 ,2,4,41]. Our results are compatible with 
this notion , since in all cases exami ned the glandular type 
cytokeratin pattern of adenocarcinomas has been found to be 
maintained in metastases derived therefrom (12,19]. However, 
this line of exp lanation does not hold for those cases of extra-
mammary Paget's disease in which glandu lar carcinomas are 
not found . At any rate, the observation of glandular features in 
ultrastructural and histochemical studies, together with our 
finding of glandu lar type cytokeratins in Paget's cells suggest 
a derivation of this tumor from apocrine or eccrine glandular 
cells, although it cannot be ruled out that ductal or epidermal 
cells may have embarked on a different route of differentiation, 
characterized by glandular cell features, during formation of 
t he Paget's cells. 
In certain instances, t he special cytokeratin antibody stain-
ing pattern of Paget's cells may also be of diagnostic value. The 
presence of glandu lar type cytokeratins readily distinguishes 
the Paget's cell s from benign and malignant keratinocyte-
derived tumors of the skin in which exclusively cytokeratins of 
the keratinocyte type have been found [42] (for Bowen's disease 
see [43]) as well as from malignant melanomas which contain 
vimentin but no cytokeratins [44,45]. Therefore , application of 
cytokeratin antibodies with different polypeptide specificities 
may be useful in the differential diagnosis of skin tumors that 
present diagnostic problems. 
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